It is reported that symmetrical dibenzotetraazacyclo- [14] annulene are generally complexed with a variety of metals such as nickel, copper and cobalt. [1] [2] [3] [4] [5] [6] [7] The studies of the metal complexes of tetraazaannulene, which have been well known to possess chemical and thermal stability, have been of considerable attention because of their utilities as electrocatalysts or model compounds in biological system. [8] [9] [10] [11] [12] [13] [14] Tetraazaannulenes as ligands prefer to coordinate with a metal ion in a square-planar fashion like porphyrines or phthalocyanines. Especially, palladium coordination complexes with macrocycle ligands such as tetraazaannulene or porphyrin typically prefer a square-planar arrangement as the most stable structure and are very resistive to chemical demetallation due to the stability of its square-planarity. [15] [16] [17] The first X-ray structure of symmetrical tetraaza [14] annulene palladium(II) complex is reported by Tsutsui, M. et al. in 1979 . 18 The complexes reported in asymmetrical monobenzotetraaza [14] annulene are mostly to include nickel(II) ion. 19, 20 On the other hand, the palladium complex has scarcely been reported because it is not easy to prepare an asymmetrical free-based ligand in comparison to symmetrical free-based ligand. Herein, we synthesized and characterized a free-based asymmetrical 2,4,9,11-tetramethyl-1,5,8,12-monobenzotetraazacyclo [14] annulene (L) and its palladium complex ([PdL]) and determined the structure of the [PdL] by X-ray diffraction study.
Experimental Section
Materials. Ni(OAc)2·4H2O, 1,2-phenylenediamine, 1,2-diaminoethane, Pd(OAc)2, NaCN and 2,4-pentandione were purchased from Aldrich and Fluka. The solvents such as CH3CN, CH3OH, CH3CH2OH, CH2Cl2 were refluxed over calcium hydride under nitrogen, and checked for purities by GC just before use. Dimethylsulfoxide (DMSO) was purchased from Merck and used without further more purification. Tetraethylammonium perchlorate (TEAP) used as supporting electrolyte was prepared and purified by the method described by Kolthoff and Coetzee. 21 Measurements. Elemental analyses (C, H, N) of the compounds prepared were carried out on a Carlo-Ebra, EA 1108 instrument. Infrared spectra were recorded on a Matteson Instruments, Inc. Galaxy 7020 A using KBr Pellets. H-NMR (300 MHz) spectra were recorded on a Brucker instrument at room temperature and chemical shifts in CDCl3 were given in ppm relative to tetramethylsilane as internal reference. Electronic absorption spectra were obtained on a Shimadzu UV-265 spectrophotometer.
Cyclic voltammetry was performed using a Bioanalytical System (BAS) CV-50W electrochemical analyzer and C2 cell stand at room temperature. The three electrodes system for the electrochemical measurements composed of the glassy carbon electrode as a working electrode, and Ag/Ag [14] annulene (L). This ligand was prepared by modifying L'Eplattenier and Pugin's method. 22 At first the asymmetrical 2,4,9,11-tetramethyl-1,5,8,12-monobenzotetraaza-cyclo [14] annulene nickel(II) as starting compound was prepared by the method reported in the literature. 23, 24 The complex (5.28 g, 0.015 mol) was dissolved in absolute ethanol (50 mL) and was treated excess anhydrous hydrochloric acid until the blue colored ligand salt precipitate. The reaction mixture was further stirred at room temperature for 18 h. The solid was filtered, dissolved in water (300 mL) and neutralized by addition of solid sodium cyanide. The yellow precipitate was recovered, washed with water, dried in vacuo. The red single crystal could be obtained by recrystallizing from a mixture (1 : 1) of dichloromethane and methyl alcohol. Yield 1.11 g (25% X-ray crystallographic analysis: Preliminary examination and data collection for crystal of palladium(II) complex were performed with Mo-Kα radiation (λ = 0.71073 Å) on an Enraf-Nonius CAD4 computer controlled k-axis diffractometer equipped with a graphite crystal, incident-beam monochromator. Cell constants and orientation matrices for data collection were obtained from least-squares refinement, using the setting angles of 25 reflections. The data were collected for Lorentz-polarization and absorption corrections were applied to the data. The structure was solved by direct methods using SHELXS-86 and refined by full-matrix leastsquares calculations with SHELX-97. 25, 26 The final cycle of the refinement converged with R = 0.0218 and wR = 0.0571. Crystal data, details of the data collection, and refinement parameters were listed in Table 1 . The selected bond distances and angles were presented in Table 2 .
Results and Discussion
The UV-visible spectra of the free ligand L and the complex [PdL] newly prepared were illustrated in Figure 1 . The spectrum of the L showed only one peak at 322 nm (εmax = 36000 M −1 cm ) owing to the extended interaction by the larger d-orbital of palladium. 13 In the 1 H-NMR dada, the characteristic peak (N-H) of freebased ligand appeared at 11.873 (s) ppm, while disappearing in the palladium(II) complex.
The cyclic voltammograms of the ligand L and the were shown in Figure 2 . The L has only two irreversible oxidation peaks at +0.170 and +0.580 V. The [PdL] has two irreversible oxidation peaks by one electron at +0.090 and +0.700 V, respectively, and one quasi-reversible reduction peak by one electron of palladium-based (Pd
) at -2.710 V. Such assignments of redox waves are supported by similar observation with asymmetrical monobenzotetraazacyclo [14] annulene nickel(II) complex. 27 The molecular structure of the complex [PdL] was drawn in Figure 3 . Crystal data and refinement parameters and the selected bond distances and angles were presented in Tables  1 and 2 , respectively. The average of four Pd-N bond distances was 1.970 Å that is longer than the corresponding Ni-N distances (1.870 Å) for symmetrical nickel(II) complex 28 but shorter than Pd-N distances (1.996 Å) for symmetrical palladium complex 18 owing to different basicity for phenylenediamine and ethylenediamine. Such difference of bond distances might be attributed to the larger ionic radius of palladium. Also, the distances of N-C on the side of sixmembered rings were 1. 2) were 178.11 and 177.61°, respectively, indicating the geometry close to a square planar a little bit distorted. The coordination environment around the central palladium(II) atom showed a square planar geometry with four Pd-N bonds, which is very similar to that of symmetrical dibenzotetraazacyclo [14] annulene palladium(II) complex.
Supplementary material. Crystallographic data for the structural analysis have been deposited at the CCDC, 12 Union Road, Cambridge CB2 1EZ, UK on request, quoting the deposition number CCDC 222447. Copies of this 
